What was known before
While the care of people on dialysis costs nearly Can$100 000 per year, there has been little research to determine the cost of caring for those with nondialysis chronic kidney disease, despite it being 100 times as common as end-stage renal disease.
What this adds
The care of people with nondialysis chronic kidney disease (CKD) averages Can$14 634 per year and is higher for people with more comorbidity, those with lower estimated glomerular filtration rate, and those with more severe albuminuria. Extrapolating our findings to Canada, we estimate that the annual cost of caring for Canadians with CKD (not on dialysis at baseline) approximates Can$32 billion per year-including costs attributable to their CKD and costs attributable to their other medical conditions.
Background
Chronic kidney disease (CKD) is defined by estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m 2 or albuminuria >3 mg/mmol. It affects 12.5% of adults in Canada 1 and is associated with adverse clinical outcomes and poor quality of life. 2 While most CKD patients (90%-95%) are managed in primary care, 2 many with lower eGFR have complex medical needs that require specialist nephrology care, often delivered by a multidisciplinary team that includes nurse clinicians, dieticians, pharmacists, and social workers.
While the care of people on dialysis costs nearly Can$100 000 per year, [3] [4] [5] there has been less research to determine the cost of caring for those with nondialysis CKD, despite it being 100 times as common as end-stage renal disease (ESRD). 1, [6] [7] [8] Because CKD is associated with multimorbidity, use of resource-intensive treatments, and increased risk of many medical complications that often require hospitalization, 9 care of patients with nondialysis CKD may also have significant costs.
Given the clinical importance of CKD, its substantial and increasing prevalence, and the fact that progression and complications of CKD may be prevented or delayed by timely care, 10 there is interest in optimizing the management of early CKD. However, this would require considerable resource investment by policy makers, which in turn requires a business case that includes the cost of caring for patients across the spectrum of CKD. In this study, we used population-based data from Alberta, Canada, to examine the cost of caring for patients with CKD who were not receiving dialysis nor had a transplant at baseline.
Research Design and Methods

Overview
We used laboratory data and the Kidney Disease: Improving Global Outcomes (KDIGO) CKD staging classification 10 to define patients with CKD, and provincial health administrative data to measure their overall health care costs. We assessed costs over time by CKD category at baseline and also determined the proportion of costs attributable to kidney and cardiovascular care using a variety of primary diagnostic codes.
Data Sources
We used population-level data from the Alberta Kidney Disease Network (www.AKDN.info). The AKDN is a provincial network that captures laboratory measurements, including serum creatinine, and measures of urine albumin 11 for all residents of Alberta, Canada, who undergo laboratory testing. Use of dialysis or kidney transplantation was assessed using data from the Northern and Southern Alberta Renal programs. Vital statistics data were obtained from Alberta Health, the provincial health ministry.
Data were linked to Alberta Health administrative data, which capture all provincial residents with public health insurance. All residents of Alberta are eligible for public health insurance, and greater than 99% of residents participate in the government-sponsored insurance plan. Alberta Health data capture all health care utilization paid for by the provincial health care plan, including the cost of all medically necessary physician visits, hospitalizations, and ambulatory care visits (including visits in emergency department [ED], noninterventional services, rehabilitation and community-based services, and day surgery), investigations, and procedures. Information on prescription drug use was taken from the Alberta Pharmaceutical Information Network, which has information on all prescription medications dispensed through pharmacies to Albertans, including drug, dose, and amount dispensed.
Cohort
We created a cohort of adults 18 years of age and older with a series of 2 or more eGFR measurement <60 mL/min/1.73 m 2 lasting at least 90 days based on an outpatient serum creatinine measurement, or one abnormal measure of albuminuria (consistent with how the studies that informed the KDIGO classification 10 considered measures of albuminuria) in those with eGFR >60 mL/min/1.73 m 2 between April 1, 2012, and March 31, 2014. The date of each patient's first eGFR measurement was defined as the "index date." The CKD category was defined as of the index date. Participants were not analyzed in another CKD category if this changed over time; for example, if a participant transitioned to ESRD requiring dialysis, resource use would be assigned to CKD category at index date. We excluded those who were receiving dialysis or had a kidney transplant at the index date. The cohort was followed for 1 year or censored at death or out migration from the index date.
Baseline Laboratory-Derived Measures
The eGFR and albuminuria at index date were used to categorize patients using the KDIGO CKD criteria. We assessed for moderate and severe albuminuria over 2 years prior to the index eGFR measurement. Moderate albuminuria (KDIGO A2) was defined as random urine albumin-to-creatinine ratio (ACR) 3 to 30 mg/mmol, urine protein-to-creatinine ratio (PCR) 15 to 50 mg/mmol, or random urine dipstick protein result of 1+. Severe albuminuria (KDIGO A3) was defined as ACR >30 mg/mmol, PCR> 50 mg/mmol, or urinalysis dipstick protein result of greater than or equal to 2+. When multiple measurements were available, ACR was used in preference to PCR, which was used in preference to urine dipstick. If multiple albuminuria measurements were available, the measurement closest to the index eGFR was considered.
Other Variables
Age, sex, and First Nations status were determined from the Alberta Health registry file. 12, 13 Socioeconomic status was determined from the National Household Survey by linkage with residential postal code from the registry and was categorized based on adjusted median neighborhood household income as high-income (household income ≥Can$96 000), middle-income (household income = Can$46 000-Can$95 999), or low-income neighborhood (household income <Can$46 000). Comorbidities including myocardial infarction, stroke, congestive heart failure, hypertension, and diabetes were defined applying validated algorithms 11 to administrative data for health care encounters during the 3 years prior to the index date. We also calculated the Charlson comorbidity index, 14 a weighted score of 17 comorbid conditions that is associated with adverse outcomes.
Outcomes
The primary outcome was the 1-year cumulative unadjusted health care costs, including the cost of drugs, physician visits, ED visits, and hospitalizations for the year following each patient's index date (irrespective of whether the patient lived the full 1-year period). Alberta Health uses the Canadian Institute for Health Information (CIHI) case mix grouper methods and ambulatory care costing methods to estimate costs of hospitalization, ED visits, day surgery, and outpatient procedures (including dialysis). Physician claims were based on the amount paid. Drug costs were estimated using the product and amount dispensed, combined with drug list price (from Alberta Blue Cross) and the dispensing fee. We adopted the perspective of the health care payer; therefore, nonmedical costs (ie, patient time and travel costs, as well as costs related to lost productivity) were not included. All costs are reported in 2017 Canadian (Can) dollars, updated to 2017 using health care consumer price index. 15 
Statistical Analysis
Mean 1-year direct medical costs were estimated for the cohort as a whole and for the KDIGO CKD categories as defined at baseline; attribution of cost was based on initial CKD status even for patients where this changed in follow-up (eg, initiated dialysis). As <1% of patients were lost to follow-up due to outmigration, imputation for missing costs was not required. Costs were further categorized according to baseline demographic and clinical characteristics, including history of comorbid diseases and laboratory measurements-with subgroups chosen based on clinical significance or because previous costing studies had suggested the covariate was associated with higher costs. Given the skewed nature of costing data, the median, as well as first and third quartile, was calculated for each estimate to assess the variability of costs.
We also estimated the 1-year mean cost of kidney care and cardiovascular care in CKD patients. The cost of kidney care was defined as a hospitalization for a kidney-related primary diagnosis (see the appendix for a list of International Classification of Diseases, Ninth Revision/Tenth Revision [ICD-9/10] codes) or ambulatory care visits where kidney care was determined by the location of care (eg, dialysis units or kidney care clinics) or kidney-related physician procedures (see the appendix for further details). The cost of cardiovascular care was defined as hospitalization and ambulatory care visits where cardiovascular disease was coded as the primary diagnosis (see the appendix for further details).
Ethics approval for the study was obtained from the conjoint health ethics review board at the University of Calgary. All analyses used STATA, version 11.2 (College Station, Texas).
Results
Baseline Characteristics
Overall, 219 641 adults with CKD between April 1, 2010, and March 31, 2012, were included in the cohort. Fifty-three percent were female, and 42.9% of patients were younger than the age of 65 years ( Table 1) . The most common comorbid condition was hypertension, ranging from 45.4% to 93.4% across CKD categories. All comorbidities increased in prevalence with more severe categories of CKD. Compared with patients with eGFR <60 mL/min/1.73 m 2 , patients with eGFR >60 mL/min/1.73 m 2 and moderate or severe albuminuria were more likely to be First Nations, aged <65 years, and have a lower burden of comorbidity measured by a Charlson score of <3 (Table 1) . Patients with eGFR <15 mL/min/1.73 m 2 were more likely to require dialysis, receive a kidney transplant, or die over the 1-year follow-up (Table  1 ). Overall, after 1 year of follow-up, 10.5% of people with CKD died, 0.02% of patients received a transplant, and 0.3% started dialysis. Of those with eGFR<15 mL/min/1.73 m 2 at baseline, 2.1% of patients received a transplant and 23.0% started dialysis over 1 year.
One-Year Costs
The mean unadjusted 1-year cost of caring for patients with CKD in Alberta was Can$14 634 per patient (interquartile range [IQR] = Can$1496-Can$10 221) ( Table 2 ). Costs were higher for those with lower socioeconomic status, more comorbidity, lower eGFR, and with albuminuria. Hospitalization, drugs, physician, and ambulatory care accounted for 38%, 35%, 14%, and 13% of 1-year total costs, respectively ( Figure  1 ). The mean 1-year unadjusted cost of kidney and cardiovascular care (both excluding drugs) was Can$230 (1.6% of total costs) and Can$720 (4.9% of total costs), respectively (Table  3) . However, the cost of kidney and cardiovascular care over 1 year was substantially greater for patients with lower levels of kidney function, averaging Can$14 169 (32.3% of total costs), and Can$2395 (5.4% of total costs) for kidney and cardiovascular care, respectively, for people with eGFR <15 mL/ min/1.73 m 2 at baseline (Table 3) . While kidney care costs per person are much higher at lower eGFR than cardiovascular care costs, the cost of cardiovascular care is about 10-fold higher than kidney care at eGFR above 45 mL/min/1.73 m 2 , of importance given that the majority of individuals with CKD have eGFR above 45 mL/min/1.73 m 2 . As expected, receiving dialysis during follow-up was a significant driver of costs. For instance, the cost of caring for people with eGFR <15 mL/min/1.73 m 2 at baseline was Can$91 112 per patient (IQR = Can$45 941-Can$116 186) and Can$28 550 per patient (IQR = Can$6102-Can$33 175) for those who did and did not receive dialysis during the 1-year follow-up period, respectively (P < .001).
Population-Based Estimates of the Cost of Caring for People With CKD
Extrapolating our findings to all adults in Canada 16 using CKD prevalence estimates from a recent Canadian population-based survey, 1 we estimate that the annual cost of 
Discussion
We observed a strong graded association of the 1-year unadjusted mean cost of care for patients by CKD category, varying from Can$14 634 (for patients with eGFR> 60 mL/min/1.73 m 2 and moderate albuminuria) to Can$51 707 (for patients with eGFR< 15 mL/min/1.73 m 2 and severe albuminuria). Not surprisingly, we noticed that the majority of costs for patients with more advanced CKD related to costs for kidney care (including dialysis which was required by just over one-third of those with eGFR< 15 mL/min/1.73 m 2 during the 1-year follow-up period), while cardiovascular costs were smaller but relatively consistent across CKD categories. Extrapolating our findings to Canada, we estimate that the annual cost of caring for Canadians with CKD (not on dialysis at baseline) approximates Can$32 billion per year-including costs attributable to their CKD and costs attributable to their other medical conditions.
Most previous costing studies in CKD have focused on patients with ESRD treated with dialysis or transplantation. In a recent review that estimated costs in 2013 Can$, the total annual health care cost of treating a patient with ESRD using in-center hemodialysis (HD) (at hospitals and satellite centers), home HD, and peritoneal dialysis (PD) was approximately Can$95 000 to Can$107 000, Can$71 000 to Can$90 000, and Can$56 000, respectively. 17 However, only 1% of CKD patients have ESRD, 1, 6, 7 and few studies have examined the costs of earlier categories of CKD. Small studies of patients with advanced CKD (GFR< 30 mL/min/1.73 m 2 ) in Sweden, the United Kingdom, and the United States have noted that the cost for adults with advanced nondialysis CKD (while lower than for individuals on dialysis) is 2-to 4-fold higher than age and sex-matched controls without CKD. [18] [19] [20] [21] [22] [23] In addition, it has been shown that patients with diabetes, who have more severe CKD, and those who progress from less advanced stages of diabetic nephropathy to more advanced stages of diabetic nephropathy incur higher health care costs. 8, 24 Finally, Honeycutt et al 25 linked data from a cohort of 1609 patients with CKD within the National Health and Nutrition Examination Survey (1988) (1989) (1990) (1991) (1992) (1993) (1994) to US Medicare costing data to assess the attributable cost that was related to having CKD, noting that the attributable cost of having CKD (in comparison to similar patients without CKD) was Can$1500, Can$3000, and Can$12 300 each year for patients with KDIGO Category 2, 3 and 4 CKD, respectively. Our analysis has strengths and limitations. We used laboratory data collected during routine clinical care across an entire province of more than 4 million people, linking this to an administrative data system with full patient capture, including health care costs, and we were able to stratify our costing estimates by measures of eGFR and albuminuria. Despite this comprehensive data system, we only have estimates of the cost of health care for people with CKD, and not the costs borne by patients or their families. Recent studies have shown that the societal costs of CKD are also high, in part because patients with kidney failure are often unable to work, leading to productivity losses and estimated costs to disability insurance and the Canadian Pension Plan of well over Can$200 million per year in Canada. 26 We have not included costs for people without CKD in this analysis given the additional complexities of adjusting costs for differences in other patient characteristics, and as such, we are unable to assess the incremental costs associated with CKD. However, we do know that current health care spending per person is Can$6299 per year in 2015 (including people with and without chronic health conditions like CKD), 27 less than half the mean costs of our overall CKD cohort. The higher mean costs of patients with CKD compared with the overall population are consistent with prior studies that have had a non-CKD comparator group. [18] [19] [20] [21] [22] [23] Future work will assess the population-based costs for those with and without CKD in Alberta. In summary, the cost of care for people with nondialysis CKD is high, particularly for those with albuminuria and those with lower eGFR where a graded association between costs and severity was observed. Our estimates can be used by health care planners and kidney care programs to estimate the cost of CKD care across the spectrum of CKD as well as predict future costs that will be required based on expected increases in the prevalence of CKD. Moreover, health care planners and kidney care programs can use our results to estimate how much money could be saved through interventions that slow or prevent kidney disease. 
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